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ABSTRACT
We present and discuss results from the first spatially resolved kinematic study of ram-pressure
stripping of a massive late-type galaxy at intermediate redshifts. Our target, the spectacular “jellyfish”
galaxy A1758N JFG1, was previously identified as a fast-moving member of the equal-mass merger
A1758N (z = 0.28) with a star-formation rate of 48 M yr−1, far above the galaxy main sequence.
IFU data obtained by us unambiguously confirm ram-pressure stripping as the physical mechanism
driving the optical morphology and high star-formation rate of this system by revealing extended
[O II]λ3727A˚ emission up to 40 kpc (in projection) downstream, as well as an ordered radial-velocity
field generated by (a) conservation of angular momentum of the interstellar gas stripped from the
edge of the galactic disk and (b) drag forces exerted by the intra-cluster medium on the “tentacles”
of stripped material. We find no evidence of significant nuclear activity in A1758N JFG1, although
an AGN might, at this early stage of the stripping process, be obscured by high column densities of
gas and dust near the galactic core. Finally, our exploration of possible trajectories of A1758N JFG1
found solutions consistent with the notions (a) that the A1758N merger proceeds along an axis that is
substantially inclined with respect to the plane of the sky and (b) that A1758N JFG1 participated in
the merger, rather than having been accreted independently from the field.
Keywords: galaxies: evolution — galaxies: star formation — galaxies: structure — galaxies: clusters:
individual: Abell 1758 — galaxies: clusters: intracluster medium
1. INTRODUCTION
Galaxy evolution, specifically the transformation from
late- to early-type galaxies, has long been known to
depend sensitively on environment. Since low relative
velocities are conducive to collisions, galaxies inhabit-
ing low-density environments evolve primarily through
mergers; by contrast, ram-pressure stripping (Gunn
& Gott 1972) and galaxy harassment (Moore et al.
1996) are key drivers of evolution in groups and clus-
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ters of galaxies where environmental effects dominate
(e.g., Oemler 1974; Dressler 1980; Whitmore et al. 1993;
Dressler et al. 1997). Ram-pressure stripping (RPS) in
particular has emerged as the perhaps most efficient evo-
lutionary process through which galaxies can lose their
gas content, a critically important element of the trans-
formation of gas-rich spirals to gas-devoid ellipticals.
For galaxies traversing the dense, gaseous environ-
ment of clusters, the physics of RPS go well beyond the
interplay between an external pressure gradient and a
restoring gravitational force. In addition to the effects
of turbulence and viscous stripping (e.g., Roediger &
Bru¨ggen 2008), the large-scale kinematics of the inter-
stellar medium (ISM) need to be considered if we want
to understand the gradual degradation of spiral-arm fea-
tures (Bekki et al. 2002) or the sequence of stripping,
currently understood to start with the loosely bound
peripheral ISM, mainly HI (Haynes et al. 1984; Cay-
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atte et al. 1990; Vollmer et al. 2001; Kenney et al. 2004;
Chung et al. 2009; Kenney et al. 2014, 2015; Jaffe´ et al.
2015, 2016). Whether the molecular gas detected in the
wake of galaxies affected by RPS was similarly removed
from the disk is much more uncertain; a competing hy-
pothesis posits that it formed in situ through collapse
of atomic gas clouds (Vollmer et al. 2008; Fumagalli et
al. 2009; Boselli et al. 2014; Ja´chym et al. 2014; Moretti
et al. 2018).
Observations at UV and optical wavelengths of ionized
gas that reveal the locations and rate of star formation
represent a powerful tool in this context, as they high-
light regions in which the collapse of gas clouds during
stripping leads to the formation of young stars (Cortese
et al. 2007; Yoshida et al. 2008; Hester et al. 2010; Ow-
ers et al. 2012; Kenney et al. 2014; Fumagalli et al.
2014; Bellhouse et al. 2017; Jaffe´ et al. 2018; Vulcani
et al. 2018; Poggianti et al. 2019). It remains debated
though, both observationally and in numerical simula-
tions, whether RPS-triggered star formation adds signif-
icantly (or, in fact, at all) to an increase in the galaxy’s
overall star formation rate (SFR; Kronberger et al. 2008;
Kapferer et al. 2009; Tonnesen & Bryan 2012; Roediger
et al. 2014), and whether any enhancement of the star-
formation rate occurs primarily in the disk or in the
wake of stripped galaxies.
By revealing the kinematics of the ISM, in both disk
and wake of galaxies undergoing RPS, integral-field unit
(IFU) observations of RPS cases in the nearby Universe
have provided key insights into the complex physical
processes governing ram-pressure stripping (e.g Merluzzi
et al. 2013; Fossati et al. 2016; Bellhouse et al. 2017;
Gullieuszik et al. 2017; Poggianti et al. 2017; Vulcani et
al. 2018; Fossati et al. 2019). Extending IFU studies of
RPS to higher redshifts, we here attempt a detailed IFU-
based characterization of A1758N JFG1 (Fig. 1), a spec-
tacular “jellyfish” galaxy discovered in our recent study
of A1758N, an exceptional cluster merger at z = 0.28
(Ebeling & Kalita 2019, hereafter EK19) , as a first step
toward a more comprehensive understanding of the im-
pact of cluster environment and relaxation state on RPS
events at ever increasing redshifts.
Our paper is structured as follows: after introducing
A1758N JFG1 in Sec. 2, we summarize the observations
upon which our work is based in Sec. 3. Data analy-
sis procedures are discussed in Sec. 4, and results pre-
sented in Sec. 5. We then describe our simple three-body
model of the gravitational interactions between A1758N
and A1758N JFG1 in Sec. 6, before interpreting and dis-
cussing our findings in Sec. 7. A summary is provided
in Sec. 8. Throughout this paper we adopt the concor-
dance ΛCDM cosmology, characterized by Ωm = 0.3,
Figure 1. A1758N JFG1, a newly discovered spectacular
example of ram-pressure stripping in a galaxy cluster at z >
0.2 as seen with HST / ACS. Our target is viewed projected
onto a cluster elliptical and an associated giant gravitational
arc, both visible just west of this textbook “jellyfish” galaxy.
ΩΛ = 0.7, and H0 = 70 km s
−1 Mpc−1. All images are
oriented such that north is up and east is to the left.
2. A SPECTACULAR CASE OF RAM-PRESSURE
STRIPPING
The target of this work, A1758N JFG1 (Fig. 1) was
first noted by Ragozzine et al. (2012, their Fig. 3) in
the context of their weak-lensing analysis of the A1758
double cluster (Abell 1958). However, focusing entirely
on strong-lensing features, these authors made no men-
tion of the spectacular “jellyfish” morphology (Smith et
al. 2010; Ebeling et al. 2014; McPartland et al. 2016)
of the giant, edge-on spiral which they (most likely er-
roneously) take to be the lens responsible for the giant
arc visible in Fig. 11. A1758N JFG1 was re-discovered
by us in 2018 in the course of a visual search for RPS
candidates in A1758N, described in detail in EK19.
3. OBSERVATIONAL DATA
Our analysis is based on data previously used by EK19
for their study of RPS events in A1758N, as well as on
IFU observations performed specifically for this work.
We here provide a brief overview of the former before
describing the latter in more detail.
1 Ragozzine et al. (2012) describe this source as “a good candi-
date [...] for being a strong arc and for being lensed by the edge-on
spiral to the east”.
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Figure 2. A1758N as seen with HST / ACS (false-colour composite from F435W, F606W, and F814W images collected for
GO-12253). Overlaid in white are linearly spaced contours of the adaptively smoothed X-ray surface brightness in the 0.5–7
keV band as observed with Chandra / ACIS-I. A1758N JFG1 is marked by a green circle.
3.1. Space-based optical and X-ray observations
Observations of A1758N were performed with the
Hubble Space Telescope (HST) for two unrelated
projects (GO-12253, PI: Clowe, and GO-14096, PI: Coe)
in 2011 and 2016, respectively. We used the resulting
high-level science products from the Advanced Camera
for Surveys (ACS) publicly available from the MAST
archive and refer to EK19 for more details about these
observations. A1758 was also observed twice with the
Chandra X-ray Observatory (Sequence Number 800152
and Sequence Number 801177, PI: David) in 2001 and
2012, respectively. We only used the data from the sec-
ond, much deeper observation and again refer to EK19
for additional details. An overlay of the adaptively
smoothed X-ray emission (Ebeling et al. 2006) on the
optical HST image is shown in Fig. 2.
3.2. Ground-based spectroscopy
3.2.1. Long slit
We observed A1758N JFG1 (and other RPS candi-
dates in A1758N, see EK19) with the DEIMOS multi-
object spectrograph on the Keck-II 10m-telescope in
poor conditions in July 2018. The chosen instrumen-
tal setup used a 1′′ slit width and combined the 600
l/mm grating (set to a central wavelength of 6300A˚)
with the GG455 blocking filter to suppress second-order
contributions at λ > 9000A˚.
3.2.2. Integral Field Unit (IFU)
About a year later, on April 29, 2019, we targeted
A1758N JFG1 again, this time with the Keck Cosmic
Web Imager (KCWI; Morrissey et al. 2018). In order to
cover the entire disk of the galaxy as well as the down-
stream region while maintaining adequate spatial resolu-
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tion, we chose the Medium Slicer mode, which provides
0.7′′ spatial sampling and a 16.5′′×20′′ field of view, well
matched to the 19′′×19′′region shown in Fig. 1. Since
KCWI’s spectral coverage is currently limited to 3500
to 5600A˚, we opted for the BM grating and a central
wavelength of 5000A˚, thereby covering the range from
4550 to 5450A˚ (approximately 3600–4300A˚ in the galaxy
restframe). This spectral window includes the redshifted
location of the [O II]3727A˚ emission line, an important
star-formation diagnostic. We integrated for a total of
260 minutes in variable, but consistently poor seeing of
1.2 to 2′′. All data were reduced with the python-based
data reduction pipeline KDERP.
4. DATA ANALYSIS
4.1. Photometry
We initially obtained photometry in all HST pass-
bands with SExtractor (Bertin & Arnouts 1996) in dual-
image mode and using the F606W image as the detec-
tion band, while adopting the same settings and input
parameters as employed for GO-14096. Since the re-
sulting photometry proved inadequate for the complex
superposition of sources in the immediate vicinity of
A1758N JFG1 (see Fig. 1), we obtained custom pho-
tometry for this object by subtracting a GALFIT model
of the nearby elliptical galaxy (visible to the West in
Fig. 1) and then adjusting SExtractor’s parameters to
avoid fragmentation of the object of interest, the edge-
on massive spiral. Differential photometry was also ap-
plied in order to subtract any remaining contribution
from the much fainter elliptical visible near the bottom
of Fig. 1. The brightness and color of A1758N JFG1
relative to other galaxies within the HST/ACS field of
view is illustrated by Fig. 3.
4.2. Long-slit spectroscopy
The DEIMOS spectrum was flux calibrated by tying
the observed flux to the HST photometry within the
same passband and was subsequently extinction cor-
rected. The procedures employed are described in detail
in EK19. Note that, as for all studies based on long-slit
observations, any galaxy properties derived from the re-
sulting spectrum, shown in Fig. 4, implicitly assume that
the signal recorded within the DEIMOS slit is represen-
tative of that of the entire galaxy.
From the DEIMOS 2d spectrum of A1758N-JFG1 we
measured the galaxy’s rotational velocity as a function
of galactocentric radius by stacking sections of the 2d
spectra around the Hα, [N II]6548A˚, [O III]5007A˚, and
Hβ emission lines (Fig. 5). Gaussian profiles were fit-
ted to each of the spatial rows, and the centroids of
these Gaussians converted to radial velocities using the
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Figure 3. Color-magnitude diagram of all galaxies within
the field of Fig. 2. A1758N JFG1 and the BCG NNE of it
(Fig. 2) are marked by a green and red circle, respectively.
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Figure 4. Rest-frame spectrum of A1758N JFG1 as ob-
tained with Keck-II/DEIMOS. The DEIMOS chip gap and
absorption at 7600A˚ (about 6000A˚ in the galaxy rest frame)
from water in the atmosphere are greyed out.
Doppler-shift formula. Since the DEIMOS slit runs, by
design, through the approximate center of the galaxy at
an angle of 58◦ relative to the plane of the galactic disk,
the galactocentric distance of any feature on the slit can
be calculated via dg = ds cos 58
◦, where dg and ds are
the distance from the center of A1758N JFG1 and the
distance along the slit, measured from the center of the
continuum emission.
4.3. IFU data
As the first step toward analyzing the [O II] emission
from A1758N JFG1, we limited the spectral range of the
fully reduced and calibrated KCWI data cube and the
associated signal variance (the “icubes” and “vcubes”
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Figure 5. Stacked 2d spectrum of 20A˚-wide regions around
each of Hα, [N II], Hβ and [O III]5007A˚, superimposed on the
HST image of A1758N JFG1 to illustrate the spatial align-
ment of spectral and imaging features along the DEIMOS
slit. Note the clear slant of the stacked emission lines.
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Figure 6. Contours (linearly spaced) of the [O II]3727A˚
emission-line flux from A1758N JFG1 overlaid on the HST
image of our target show the stripping of gas from the outer
edge of the disk. The dotted, cyan line delineates the KCWI
field of view; the red circle has a diameter of 1.5′′, repre-
senting the seeing disk during our Keck-II observation. The
yellow line divides the field into a “disk” and “wake” region
(see text for details).
files, in KDERP parlance) to 80A˚ centered on 4745A˚,
the observed wavelength of [O II] at the systemic red-
shift of our target, as determined from the DEIMOS
long-slit spectrum shown in Fig. 4. We also binned the
cubes by a factor of three in both spatial dimensions to
create 0.87′′ pixels, approximately matched to the 0.7′′
slit width. We then computed the net [O II] flux at
each pixel location as the difference of the signal within
a 14A˚-wide region centered on [O II] and the sum of the
(continuum) flux recorded in 7A˚-wide regions at either
end of our spectral window. The resulting image of the
[O II] emission-line flux is shown in Fig. 6.
Finally, we measured radial velocities from the loca-
tion of [O II] in the spectral dimension of the data cube.
In order to avoid systematic uncertainties introduced by
fitting a Gaussian profile to the unresolved [O II] dou-
blet, we computed the line centroid as the flux-weighted
average of the wavelengths within the same 14A˚-wide
spectral window used before. The results, after conver-
sion to peculiar velocities in the galaxy rest frame and
considering only pixels within which [O II] was detected
with greater than 2σ significance, are shown in Fig. 7.
5. RESULTS
5.1. Global properties
From the prominent emission lines shown in Fig. 4
EK19 measured a heliocentric redshift of z = 0.2733
for A1758N JFG1, significantly less than the redshift
of z = 0.2787 of the nearby brightest cluster galaxy of
the north-west component of A1758N (see Fig. 2). As
reported by EK19, this redshift difference corresponds
to a relative radial velocity of about −940 km s−1, i.e.,
in addition to its apparent westerly motion in the plane
of the sky, A1758N JFG1 is moving rapidly toward us
in the cluster rest frame.
The stellar mass of (7.4 ± 0.3) × 1010 M and star-
formation rate of (48 ± 12) M yr−1 measured for
A1758N JFG1 by EK19 place our target far above the
galaxy main sequence, about a factor of five above the
star formation rates encountered typically in disk galax-
ies of this mass (EK19; their Fig. 8). Consistent with
this observation, EK19 find A1758N JFG1 to fall within
the starburst regime in the BPT diagram (Baldwin et al.
1981), albeit just outside the purely star-forming popu-
lation (EK19; their Fig. 9). While not representative of
the field galaxy population in general, the system’s high
stellar mass (within the top few percent of disk galax-
ies at z < 0.5; Torrey et al. 2015) is accompanied by a
commensurate physical size, absolute brightness, and re-
sulting SFR under RPS (see Fig. 8 of EK19), rendering
A1758N JFG1 an ideal target for in-depth study.
Our analysis of the stacked 2D spectrum (Fig. 5) from
the same DEIMOS observation as used by EK19 yielded
a maximal velocity for the ionized ISM of (143±16)
6 Kalita & Ebeling
−200
+200
0
+400
0
200
−200
−400
400
v ro
t (k
m
/s
)
Figure 7. Right: map of the radial velocity of A1758N JFG1 as derived from the observed wavelength of the [O II]3727A˚
emission line. The dotted, cyan line delineates the KCWI field of view; within the shown outlines the line flux is significant at
greater than 2σ significance. Left: outlines of the vrot distribution shown on the right, overlaid on the HST image of our target.
Note that our measurement probes the velocity field well downstream of the disk, i.e., the jellyfish “tentacles”.
R.A. (J2000) Dec z m435 m606 m814 log(M∗ M−1 ) SFR ∆vrad
(M yr−1) (km s−1)
13 32 35.18 +50 31 36.3 0.2733 19.70 18.58 17.97 10.87±0.02 47.9±11.9 −936
Table 1. Global properties of A1758N JFG1: equatorial coordinates, heliocentric redshift, apparent magnitudes in the F435W,
F606W and F814W bands, respectively, stellar mass, star formation rate (SFR), and radial velocity relative to the NW BCG of
A1758N.
km s−1. For comparison, we also calculated the ro-
tational velocity of A1758N JFG1 expected from the
Tully-Fisher relation (TFR; Tully & Fisher 1977) as de-
termined by Verheijen (2001). Since the F814W pass-
band at z=0.28 is effectively R-band at z = 0, we used
our target’s F814W magnitude, corrected for Galactic
extinction (Sec. 4.1), to find Vflat = (288±31) km s−1
from the R-band TF relation2 (Fig. 8). The discrep-
ancy between this expectation value and the cited, much
lower measurement obtained from our DEIMOS obser-
vation is entirely anticipated, given that the spectrum
recorded through our DEIMOS slit (see Fig. 5) probes
only the central region of the galaxy, far from the outer
reaches of the disk where the rotational-velocity curve
flattens.
The global properties of A1758N JFG1 derived here
(or previously by EK19) show our “jellyfish” galaxy
to be a massive, star-bursting, fast-rotating, late-type
galaxy moving at high velocity through the A1758N
cluster merger (Table 1). Our target’s direction of mo-
tion in the plane of the sky is, as for all galaxies, diffi-
cult to determine but can be approximately constrained
2 The effects of a possible redshift evolution of the TF rela-
tion (Portinari & Sommer-Larsen 2007) amount to at most 10%
at the modest redshift of our target and thus do not affect our
conclusions.
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Figure 8. Locus of A1758N JFG1 (red symbol) on the R-
band Tully-Fisher relation at z = 0 (Verheijen 2001). From
the extinction-corrected absolute R-band magnitude of -23.7
(derived from the k-corrected F814W magnitude), the TFR
predicts a rotation velocity of approximately 300 km s−1 for
our textbook “jellyfish” galaxy.
from the orientation and slight N-S asymmetry of the
“tentacles” in Fig. 1 to be due west or WSW.
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5.2. Nuclear activity and star-formation rate
Prompted by A1758N JFG1 falling into the compos-
ite region of EK19’s BPT diagram, we attempted to
constrain the fraction of the Hα luminosity that can
be attributed to LINER/AGN-powered photoionization.
Although the absence of diagnostic emission lines (other
than [O II]3727A˚) within the spectral window (e.g., Pog-
gianti et al. 2019) currently precludes a conclusive de-
termination from our IFU data, an upper limit on any
AGN contribution can be obtained from the lack of X-
ray emission from A1758N JFG1, apparent in Fig. 2.
The 3σ upper limit on the X-ray luminosity of 2× 1042
erg s−1 (2–10 keV) measured by us from the archival
Chandra data suggests a negligible AGN contribution
of less than 2 × 1041 erg s−1 to the observed Hα lumi-
nosity of 2×1042 erg s−1 (Shi et al. 2010).
While the narrow spectral range covered by our KCWI
data contains insufficient spectral diagnostics to shed
further light on any nuclear activity, the IFU data pro-
vide a clear view of the spatial distribution of star for-
mation. Adopting the [OII]3727A˚ flux as an alterna-
tive tracer of star formation (if less directly so than Hα;
Kennicutt 1998), we find star formation to occur not
only along the entire galactic disk but also, at steadily
declining intensity, well outside the disk, in the down-
stream region (Fig. 6). Indeed the integrated SFR in the
galaxy’s wake (see dividing line in 6) rivals, and in fact
exceeds, that observed in the disk region. We also note
that the contours of the [OII]3727A˚ flux shown in Fig. 6
exhibit the same asymmetry noted already in Sec. 5.1
with reference to the orientation of the tentacles visible
in Fig. 1.
5.3. Gas phase velocities
A conclusive, and much more complex, picture of the
rotational velocity of A1758N JFG1 is painted by the
map we derived from the redshift of the [O II] emission
line (Fig 7). The key insights can be summarized as
follows:
1. All lines of constant radial velocity are signifi-
cantly slanted relative to the galaxy’s axis of rota-
tion, in the sense that gas that is farther down-
stream (i.e., east) of the galactic disk lags be-
hind the galaxy (which is moving toward us, see
Sec. 5.1).
2. The lag is small near the center of A1758N JFG1,
but increases both toward the outer edges of the
disk and eastward, along the debris trail, where
offsets of over 200 km s−1 are observed.
3. Within the galactic disk, the maximal rotational
velocity observed once the mentioned lag is ac-
counted for (vmax ∼ ±300 km s−1) is consistent
with the TFR expectation value.
6. ORIGIN AND TRAJECTORY WITHIN THE
A1758N MERGER
From their analysis of the line-of-sight and projected
directions of motions of eight RPS candidates in A1758N
(one of them A1758N JFG1) EK19 concluded that these
galaxies likely have a common origin, the most plausi-
ble scenario being infall along a wide filament roughly
aligned with the cluster merger axis.
To test the validity of this hypothesis we attempted
to recover the trajectory of A1758N JFG1 by creating a
simple three-body model of the A1758N collision, con-
strained by five observational facts: the projected posi-
tions of the two BCGs and of A1758N JFG1, the line-of-
sight velocity of our jellyfish galaxy, and its projected,
approximately westerly direction of motion.
Since realistic modelling of the complex physics of
a cluster merger was well beyond the scope of our
conceptual study of plausible orbits of A1758N JFG1,
we simulated the relevant trajectories with GALPY, a
python package designed for galactic-dynamics calcula-
tions (Bovy 2014; Mackereth & Bovy 2018). The two
subclusters in A1758N were assigned spherical NFW
mass profiles (Navarro et al. 1996) of 1.1×1015 M each
(based on findings of Ragozzine et al. 2012), whereas
A1758N JFG1 was considered a point mass; in addition,
all three bodies were assumed to share the same orbital
plane. We adopted the initial conditions of Machado et
al. (2015) and Monteiro-Oliveira et al. (2017), i.e., we
started our simulations from a subcluster separation of
3 Mpc and assumed an impact parameter of 150 kpc
and a relative velocity of 1750 km s−1 between the two
clusters. The parameter space probed by the initial con-
ditions for A1758N JFG1 combined distances ranging
from 600 kpc to 2 Mpc from each of the two subclus-
ters with an initial velocity vector ranging from 600 to
2400 km s−1 and adopting all possible angles within the
merger plane. Dynamical friction as well as hydrody-
namical interactions were ignored, a decision that was
as much choice as necessity, given our inability to in-
corporate such physics into GALPY. Neither simplifica-
tion is likely to have a noticeable impact on our findings
though, since the merger is believed to be observed after
the first core passage (Machado et al. 2015; Monteiro-
Oliveira et al. 2017), i.e., before dynamical friction has a
noticeable effect, and that A1758N JFG1 appears to be
in an early phase of the stripping process. For this last
reason, and because the stripping timescale is shorter
than the dynamical timescale of galaxies within clus-
ters (Quilis et al. 2000; Steinhauser et al. 2016), we also
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Figure 9. Example of simulated trajectories for the two subclusters and A1758N JFG1 that reproduce the observed locations (in
projection) of the two BCGs and our jellyfish galaxy (marked by yellow asterisks) as well as the radial velocity and approximate
projected direction of motion of the latter. We show the trajectories overlaid on the HST image of A1758N, i.e., as viewed along
our line of sight; in three dimensions, the merger axis for which our observational constraints are met is inclined by 58◦ with
respect to the plane of the sky. Solid circles on each trajectory mark time intervals of 667 Myr.
required A1758N JFG1 not to have previously passed ei-
ther of the two subcluster cores within a distance of 500
kpc, which is a conservative estimate of the pericenter
of orbits of stripped galaxies within clusters (Quilis et
al. 2000). We note that this is the only constraint used
that at least implicitly invokes the density of the intra-
cluster medium; as stated before, a realistic simulation
of the gas densities encountered by A1758N JFG1 on its
trajectory through this active merger is well beyond the
scope of our simple three-body simulation.
The set of observational constraints described above
greatly limit the possible trajectories of A1758N JFG1.
Although our simple simulations are far from exhaus-
tive, the results favor a scenario in which the A1758N
merger proceeds along an axis that is closer to our line
of sight than to the plane of the sky, and in which
A1758N JFG1’s trajectory is not dissimilar to that of
the subcluster observed today as the NW component of
A1758N (see Fig. 9).
7. DISCUSSION
The discovery of A1758N JFG1, a spectacular ex-
ample of ram-pressure stripping in a massive cluster
merger, provides a rare opportunity to quantitatively
study the physics and kinematics of RPS acting on an
exceptionally massive late-type galaxy at the relatively
high redshift of z ∼ 0.3. Viewed edge-on, and exhibit-
ing a debris trail that extends over 40 kpc in projec-
tion on the plane of the sky, A1758N JFG1 would be
an even more spectacular sight from a different an-
gle, as evidenced by the system’s radial peculiar ve-
locity of close to –1000 km s−1 and the unambiguous
kinematic signature of stripped ISM trailing behind the
galaxy as it approaches along our line of sight (Fig. 7).
The fortuitous orientation and direction of motion of
A1758N JFG1 provide an edge-on view of the stripping
process that minimizes projection effects and clearly re-
veals the dynamics of both galaxy and stripped ISM.
North-South asymmetries clearly visible in both optical
imaging (Fig. 1) and the distribution of [OII]3727A˚ flux
(Fig. 6) strongly suggest that our target’s velocity vec-
tor, as seen in projection on the plane of the sky, points
W or, more likely, WSW.
7.1. ISM kinematics
The spatial distribution of line emission from A1758N
JFG1, specifically [O II]3727A˚, provides crucial insights
into the physics at work in this extreme case of ram-
pressure stripping. The continuous and monotonic
change of both [O II] flux and velocity gradient, shown
in Figs. 6 and 7, rules out the (remote) possibility of
the enhanced star-formation rate and morphology of
this galaxy being caused by a merger instead of RPS.
More importantly, it shows that, consistent with the
findings of studies of RPS in nearby galaxies (e.g., Bell-
house et al. 2017), stripping proceeds gradually from the
outer edge of the disk inward. Although results from
a single object obtained at only modest spatial reso-
lution are unable to settle the question, the observed
distribution of [O II] emission also strongly suggests
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that the stripped ISM does not start forming stars only
within the “tentacles”. In other words, enhanced star
formation is triggered as ram pressure compresses the
ISM in the galaxy-ICM interface, but continues far into
the galaxy’s wake, as gas clouds stripped from the disk
collapse and form stars in situ. Although at this early
stage of the stripping process much of the [O II] flux, and
hence of the star formation, is still concentrated within,
or just downstream of, the galactic disk (in agreement
with Kronberger et al. 2008), the balance is likely to
shift more heavily toward the wake, as stripping of the
ISM proceeds from the outer edges of the disk toward
the galaxy’s bulge.
The ISM within the disk exhibits a rotation velocity
profile consistent with the TFR prediction of a maximal
velocity of approximately 300 km s−1. However, the
significant line-of-sight velocity of A1758N JFG1 adds
a characteristic tilt to a velocity gradient that would
otherwise run perpendicular to the plane of the galac-
tic disk (Fig. 7). This slant, more pronounced toward
the edges of the disk, also increases with downstream
distance, indicative of drag exerted by the ICM that
causes the stripped gas to gradually “fall behind” the
galaxy as both move toward us.
7.2. Nuclear activity
Some of the Hα luminosity recorded in our long-
slit observation of A1758N JFG1 (which probed the
galaxy’s nucleus) could conceivably be due to nuclear
activity, rather than star formation; if so, our target
would be expected to harbor a prominent X-ray point
source, but no such emission is detected in the existing
Chandra data. The almost complete absence of signs
of nuclear activity in A1758N JFG1 (except for the sys-
tem’s location in the “composite region” of the BPT
diagram presented by EK19) is intriguing, given that
well established scaling relations (e.g., Reines & Volon-
teri 2015) predict the presence of a supermassive black
hole (MBH > 10
8 M) in this extreme spiral galaxy, and
in view of the results of Poggianti et al. (2017) who found
RPS to boost nuclear activity in nearby galaxies of high
stellar mass (M∗ ≥ 4 × 1010 M). We note, however,
that it remains entirely possible that a heavily obscured
AGN resides within the very core of A1758N JFG1, a
region that is still largely unaffected by RPS and which
could be penetrated only by hard X-rays (> 10 keV; see
Hickox & Alexander 2018, for a review).
7.3. Origin and trajectory
EK19 propose that the RPS candidates identified
within A1758N share their large-scale origin and tra-
jectories with the merging subclusters, i.e., that they
enter the cluster environment along a filament that is
roughly aligned with the merger axis. In this scenario,
the high negative radial velocities of EK19’s RPS can-
didates require the merger axis to be substantially in-
clined with respect to the plane of the sky. We quali-
tatively tested this hypothesis with the help of a simple
three-body model of the two merging subclusters and
A1758N JFG1. While far from exhaustive, our sim-
ulations are not only able to reproduce the observa-
tional data; they do so for an orientation of the merger
axis that is fully consistent with the geometry pro-
posed by EK19 (Fig. 9) and disfavor the accretion of
A1758N JFG1 directly from the field. Although our
findings thus support the notion advanced by EK19 that
studies of the location and apparent direction of motion
of RPS events could become powerful tools to reveal the
three-dimensional geometry of cluster collisions, much
more sophisticated simulations (far beyond the scope of
this paper) are required to fully test the potential of
“jellyfish” galaxies as diagnostics of cluster mergers.
8. SUMMARY
A1758N JFG1, a newly discovered textbook “jelly-
fish” galaxy, offers a rare, clean view of ram-pressure
stripping at the relatively high redshift of z = 0.28,
thanks to the system’s edge-on orientation. Adding
to the findings of EK19 who report a dramatically
enhanced star formation rate, our IFU study of the
[O II]3727A˚ emission line provides a spatially resolved
view of the kinematics of the ISM from the galaxy’s
disk to the end of the visible debris trail. We find
unambiguous evidence of a sequence of gradual strip-
ping from the outer edges of the galaxy and drag from
the ICM that causes the stripped material to fall be-
hind A1758N JFG1 along its path through the A1758N
merger. The distribution of [O II] emission strongly
suggests that the enhanced star formation is the re-
sult of both ram-pressure-induced compression at the
ISM/ICM interface and subsequent (and independent)
in situ collapse of ISM clouds in the debris trail.
A1758N JFG1 exhibits no evidence of nuclear activity,
in spite of expectations of a supermassive black hole at
its center based on scaling relations. Given the, at this
early stage of the stripping process, potentially still very
high density of gas obscuring the very core of the system,
the absence of observable nuclear actively is, however,
not in conflict with previous studies suggesting that RPS
boosts AGN activity (Poggianti et al. 2017).
Finally, simplified modelling of the motion of A1758N JFG1
within the A1758N cluster merger as a three-body prob-
lem finds trajectories consistent with EK19’s hypothesis
of RPS candidates (including A1758N JFG1) being ac-
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creted by the forming cluster from a direction that
is aligned with the merger axis and inclined by ap-
proximately 60◦ with respect to the plane of the sky,
contrary to the commonly adopted view of the A1758N
cluster merger proceeding largely in the plane of the sky
(Machado et al. 2015; Monteiro-Oliveira et al. 2017).
Although these results are far from definitive, given
the simplicity of our simulations, they lend credence
to EK19’s proposal to investigate the usefulness and
power of the spatial and peculiar-velocity distribution
of RPS candidates as a tool to study the 3D geometry
and dynamics of cluster collisions.
Having demonstrated the feasibility and power of IFU
observations of extreme RPS events at intermediate red-
shifts, our study bodes well for a future, comprehensive
kinematic analysis of the environmental dependencies of
RPS in truly massive galaxy clusters. By extending the
redshift range of in-depth RPS studies, for instance by
targeting RPS events in MACS clusters (Ebeling et al.
2001, 2014), we will also increasingly probe dynamically
young and actively evolving systems and will eventually
reach the era when truly massive clusters only began
to form, currently explored only by the recent study of
Boselli et al. (2019) at z = 0.7.
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